Introduction {#Sec1}
============

Non-Hodgkin lymphoma (NHL) is a heterogeneous disease entity that has increased in prevalence over the last several decades. Based on the World Health Organization (WHO) classification of hematological and lymphoid tumors, NHL can be broadly classified as B or T/natural killer (NK) cell neoplasms \[[@CR1]\].

There are multiple histological subtypes and gene-expression subgroups of NHL. The most common form of B cell lymphoma is diffuse large B cell lymphoma (DLBCL) \[[@CR2]\]. DLBCL is an aggressive lymphoma characterized by large, abnormal B cell lymphocytes that no longer respond to growth-limiting signals in cell reproduction. While complete remission (CR) rates with frontline therapy in DLBCL have been reported to be as high as 75 to 80% \[[@CR3]\], often these responses are not durable. For patients who do not achieve a CR in the frontline setting or who experience disease relapse, intensive chemotherapy followed by autologous stem cell transplant (SCT) is standard treatment. The 5-year survival rate after anthracycline-based chemotherapy ranges from 35 to 60% depending on gene-expression subgroups \[[@CR4]\]. The introduction of rituximab into front-line therapies of NHL has greatly improved outcomes, but patients who have refractory or relapsed (R/R) disease still have very poor outcomes in spite of aggressive salvage therapy \[[@CR5]\].

Although follicular lymphoma (FL) is generally chronic and incurable, Grade 3b FL (FL3b), is differentiated from other grades of FL by its aggressive nature and treatment paradigm, which is the same as for DLBCL. No standard treatments exist for patients with DLBCL or FL3b who are not eligible for or who have relapse/recurrence after SCT.

Mantle cell lymphoma (MCL), occurring in only 5 to 6% of all NHL cases, is another lymphoma that is considered incurable with current treatment modalities. The vast majority of patients relapse after frontline therapy and eventually become refractory to salvage treatment. For frontline treatment of MCL, an aggressive chemotherapy regimen is typically employed with an emphasis on regimens that include high dose cytarabine, such as: rituximab, hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone (R-HyperCVAD) \[[@CR6]\]; dexamethasone, cytarabine, and cisplatin (RDHAP); or the Nordic Regimen consisting of intense immunochemotherapy (including rituximab) in patients who are considered eligible for autologous SCT \[[@CR7]\]. Less intensive regimens such as bendamustine and rituximab are utilized in older or frail patients \[[@CR8]\]. Newer agents, such as the Bruton's tyrosine kinase (BTK) inhibitor ibrutinib, are associated with high response rates and good durability, but an unmet need remains for patients who have baseline resistance to or eventually fail this treatment \[[@CR9]\].

CD70, the cellular ligand of the tumor necrosis factor receptor family member CD27, is expressed on a wide variety of malignancies including lymphoma. While its role is not completely understood, CD70 activation has been linked to proliferation and survival, raising the possibility that CD70, through its interaction with CD27, functions as an activation receptor on malignant B cells and an inhibitor of T cell response \[[@CR10]\]. Given the high reported rate of expression in NHL (as high as 60% of NHL cases based on internal data), CD70 is an attractive therapeutic target for antibody-based therapy in this disease.

SGN-CD70A is a CD70-directed antibody-drug conjugate (ADC) consisting of 3 functional subunits composed of an anti-CD70 antibody, a protease-cleavable linker, and a DNA-crosslinking pyrrolobenzodiazepine (PBD) dimer drug. Upon SGN-CD70A binding to CD70, the complex internalizes and traffics to lysosomes where the delivered drug is released from the conjugate through proteolytic degradation of the dipeptide linker. The released PBD dimer crosslinks DNA, which initiates cellular events that lead to double strand breaks and eventual cellular apoptosis \[[@CR11]\].

SGN-CD70A was evaluated in 2 separate cohorts in an initial dose finding study. We herein report the results of the high-risk NHL cohort. The objectives of this study were to determine the toxicity profile, maximum- tolerated dose (MTD), dose-limiting toxicities (DLTs), pharmacokinetic (PK) properties, preliminary anti-tumor efficacy, and a recommended phase 2 dose of SGN-CD70A for future studies.

Patients and methods {#Sec2}
====================

Patient eligibility {#Sec3}
-------------------

Eligible patients were ≥ 18 years of age and had a pathologically confirmed diagnosis of CD70-positive MCL or DLBCL including FL3b as determined by central pathology review (defined as expression in at least 50% of the sample) and radiographic evidence of disease. All patients were required to have been relapsed, refractory, or have progressive disease following at least 2 prior systemic therapies. Specifically, patients with DLBCL or FL3b were required to have previously received a multiagent chemoimmunotherapy regimen given with curative intent and must have received intensive salvage chemotherapy with SCT, unless deemed ineligible. Patients with MCL must have received a chemoimmunotherapy regimen. Patients could not have had prior allogeneic SCT within 100 days of enrollment. They could not have received prior anti-CD70-directed therapy unless CD70 expression was confirmed by central pathology review on a biopsy obtained after the treatment. Patients had an Eastern Cooperative Oncology Group (ECOG) performance status 0 or 1 with adequate baseline renal, hepatic, and bone marrow function. The original baseline platelet count criterion was amended from ≥75,000/μL to ≥100,000/μL to ensure adequate bone marrow function after observations of prolonged thrombocytopenia with SGN-CD70A treatment.

Study design and treatment {#Sec4}
--------------------------

This phase 1, open-label, dose-escalation study (NCT02216890) was designed to evaluate the safety and tolerability of SGN-CD70A and to establish the MTD in patients with CD70-positive R/R NHL and metastatic renal cell carcinoma (RCC). Results in patients with metastatic RCC will be reported separately. Nine centers in the United States enrolled patients with NHL between November 3, 2014 and November 13, 2015, under approval by an Institutional Review Board in accordance with the Declaration of Helsinki. All patients provided informed consent prior to administration of any study treatment.

The study initiated with a dosing schedule of SGN-CD70A administered intravenously (IV) on Day 1 of 3-week cycles, with planned dose levels for dose escalation of 8, 15, 30, 50, 80, 120, 160, and 200 mcg/kg. Due to prolonged thrombocytopenia, the study was amended to dose every 6 weeks (q6wk) to allow the bone marrow sufficient time to recover. This change in dosing schedule applied to patients already on study, as well as newly enrolling patients. Patients who achieved stable disease (SD) or better were eligible to continue receiving study treatment until disease progression or unacceptable toxicity.

The evaluation period to assess for DLTs was the first cycle of treatment. A DLT was defined as any clinically significant, non-hematologic adverse event (AE) ≥ Grade 3 according to the National Cancer Institute's Common Terminology Criteria for Adverse Events (NCI-CTCAE), Version 4.03; non-hematologic laboratory abnormalities ≥ Grade 3 that did not resolve to ≤ Grade 1 or baseline within 1 day; ≥ Grade 4 neutropenia lasting more than 7 days; ≥ Grade 3 febrile neutropenia; Grade 4 thrombocytopenia; Grade 3 thrombocytopenia with bleeding, or any requirement for platelet transfusion; Grade 4 anemia unrelated to underlying disease; and delay of treatment by more than 7 days due to toxicity. The final MTD was determined by the Safety Monitoring Committee (SMC) and based on the MTD estimated by the modified continual reassessment method (mCRM) model along with all available safety data.

Safety assessments {#Sec5}
------------------

Safety assessments included the surveillance and recording of AEs and laboratory tests. Patients were required to undergo physical examination and assessment of AEs prior to each cycle of therapy. Laboratory evaluations were performed weekly throughout the first 6 cycles of treatment. AEs were summarized using the Medical Dictionary for Regulatory Activities (MedDRA), version 20.0. All edema-related events were consolidated using the Standardized MedDRA Query (SMQ) for angioedema. AEs and laboratory results were graded using the NCI CTCAE, version 4.03. A SMC monitored the safety of patients treated with SGN-CD70A on a regular basis throughout the study, including reviews of the data pertinent to dose-escalation decisions.

Efficacy assessment {#Sec6}
-------------------

Imaging response was determined in Cycles 2, 4, and 7, then every third cycle for patients being treated every 3 weeks (q3wk). After the study was amended for q6wk dosing, response assessments were performed in Cycles 1, 2, and every other cycle thereafter. For patients who discontinued treatment without progression, evaluations continued every 12 weeks until progression or start of new anticancer therapy (with the exception of SCT). Investigators obtained spiral computed tomography (CT) scans of chest, neck, abdomen, and pelvis. Additionally, whole body positron emission tomography (PET) scans were required. Imaging response was determined based on the International Working Group Revised Response Criteria for Malignant Lymphoma \[[@CR12]\].

The study was amended to require a bone marrow aspirate and biopsy at baseline to determine bone marrow involvement. If there was bone marrow involvement at baseline or if bone marrow involvement was unknown, bone marrow aspirate and biopsy were required to confirm CR. Patients who had an imaging response of SD or better at the same visit as investigator claim of clinical progression were counted as clinical progression for determination of best response. Patient's best response, onset of response, and onset of disease control must have occurred prior to any subsequent therapies including SCT.

Pharmacokinetic, pharmacodynamic, and immunogenicity assessments {#Sec7}
----------------------------------------------------------------

In the q3wk dose cohorts, blood samples for SGN-CD70A PK analysis were collected predose; within 15 min after the end of infusion; and 2, 6, and 24 h, and 3, 7, 14, and 21 days from the start of infusion in Cycles 1, 2, and 4. In the q6wk dose cohorts, a blood sample for SGN-CD70A PK analysis was also collected 28 days from the start of infusion. In both dose cohorts, samples were collected only predose and within 15 min after the end of infusion in other cycles, and at the End of Treatment (EOT) visit. Blood samples for assessing the presence of anti-therapeutic antibody (ATA) were collected predose on Day 1 of the first 5 cycles, every fifth cycle thereafter, and at the EOT.

Sensitive, qualified assays were used to measure concentrations of ADC (SGN-CD70A), total antibody (TAb), and released-free drug, PBD, in plasma, and ATA in serum. The assays included enzyme-linked immunosorbent assays (ELISA) and liquid chromatography tandem mass spectrometry (LC MS/MS) assays. The limits of quantification for ADC, TAb, and PBD were 2.89 ng/mL, 2.93 ng/mL, and 10--20 pg/mL, respectively. PK parameters were estimated by non-compartmental analysis using Phoenix® WinNonlin® v6--3 (Certara, Princeton, NJ).

Blood samples were collected throughout the study to evaluate immune responses as appropriate.

Statistical analysis {#Sec8}
--------------------

Descriptive statistics were used to summarize continuous variables. Frequencies and percentages were used to summarize categorical variables. Unless otherwise specified, confidence intervals (CIs) were calculated for a two-sided 95% level. Safety endpoints were summarized using the all-treated-patients set which included all patients treated with any amount of SGN-CD70A. All statistical analyses were performed using SAS® v9.4 (SAS Institute Inc. Cary, NC).

The number of patients with DLTs was summarized for all treated patients who either experienced a DLT or were followed for the full DLT evaluation period and did not receive growth factor or transfusion support. This study was conducted using a model-based mCRM that implemented Bayesian methodology to estimate the probabilities of DLT and response at each dose level. The dose-toxicity and dose-response relationship were modeled. The probability of DLT was estimated by the dose-toxicity model and the probability that the DLT rate is less than 30% was estimated for each dose level. In addition, the observed proportion of patients experiencing a DLT along with exact two-sided 95% CI using the Clopper-Pearson method \[[@CR13]\] was reported where appropriate. The estimated MTD was the highest dose with an estimated DLT rate less than 30%. Additionally, a dose was defined as safe per the model if there was at least a 50% probability that the DLT rate was less than 30%.

All efficacy analyses are presented using all patients who receive any amount of SGN-CD70A. Objective response rate (ORR) and CR rate were also calculated using the efficacy-evaluable set that included all treated patients who had both a baseline and at least 1 evaluable post baseline disease assessment according to the Revised Response Criteria for Malignant Lymphoma \[[@CR12]\] or per investigator claim of clinical progression. ORR was defined as the proportion of patients with CR or partial remission (PR). Duration of response (DOR) was defined as the time from start of the first documentation of objective tumor response (CR or PR) to the first documentation of disease progression or death due to any cause, whichever occurred first. DOR was only calculated for the subgroup of patients who achieved a CR or PR. Progression-free survival (PFS) was defined as the time from start of study treatment to the first documentation of disease progression or death due to any cause, whichever occurred first. All analyses were presented by assigned dose level and total except for time to event analysis. Since the number of patients in each dose level was small, PFS was analyzed combining all dose levels and using Kaplan Meier methodology. The two-sided 95% CI for median PFS was calculated using the complementary log-log transformation method \[[@CR14]\].

The PK of SGN-CD70A ADC, TAb, and PBD (when measurable) were evaluated by noncompartmental analysis and summarized by descriptive statistics at each PK sampling time. ATA incidence rate was defined as the proportion of patients that developed ATA at any time during the study.

Results {#Sec9}
=======

Patients {#Sec10}
--------

Twenty patients were enrolled and treated with SGN-CD70A. Demographics and baseline disease characteristics are presented by dosing schedule in Table [1](#Tab1){ref-type="table"}. The median age was 64.5 years (range, 28--81), 16 patients (80%) were male, and 19 patients (95%) were white. Most patients were diagnosed with DLBCL (not otherwise specified \[NOS\]) (9 patients \[45%\]) and MCL (5 patients \[25%\]) at study entry. The median number of prior systemic therapies was 3.5 (range, 2--8). All patients had an ECOG performance status of 0--1.Table 1Demographics and disease characteristicsq3wk\
(*N* = 12)q6wk\
(*N* = 8)All treated\
(*N* = 20)Median age in years (min, max)63.5 (28, 81)68.0 (54, 74)64.5 (28, 81)Male, n (%)10 (83)6 (75)16 (80)Race, n (%) White11 (92)8 (100)19 (95) American Indian or Alaska Native1 (8)01 (5)ECOG performance status, n (%) 05 (42)3 (38)8 (40) 17 (58)5 (63)12 (60)NHL diagnosis subtype, n (%) T cell/histiocyte rich large B cell lymphoma1 (8)01 (5) Mantle cell lymphoma3 (25)2 (25)5 (25) DLBCL (NOS)7 (58)2 (25)9 (45) Transformed DLBCL02 (25)2 (10) Other1 (8)2 (25)3 (15)Number of prior systemic therapies per patient, n (%) Median4.53.03.5 Min, Max2, 82, 52, 8Primary refractory disease, n (%) Yes7 (58)3 (38)10 (50) No4 (33)3 (38)7 (35) Missing1 (8)2 (25)3 (15)Current disease status, n (%) Refractory6 (50)3 (38)9 (45) Relapsed5 (42)3 (38)8 (40) Missing1 (8)2 (25)3 (15)History of bone marrow involvement, n (%) Yes5 (42)5 (63)10 (50) No6 (50)3 (38)9 (45) Missing1 (8)01 (5)Current Bone Marrow Involvement, n (%) Yes2 (17)02 (10) No4 (33)3 (38)7 (35) Unknown6 (50)5 (63)11 (55)*DLBCL*, diffuse large B-cell lymphoma; *ECOG*, Eastern Cooperative Oncology Group; *q3wk*, dose every 3 weeks; *q6wk*, dose every 6 weeks; *N*, number of treated patients; *NHL*, non-Hodgkin lymphoma

Twelve patients were treated q3wk and 8 patients were treated q6wk. Across both treatment schedules, half of the patients discontinued treatment due to progressive disease (10 patients \[50%\]); other reasons for discontinuation were AE (4 patients \[20%\]), investigator's decision, and non-AE patient decision (3 patients \[15%\] each). AEs that led to treatment discontinuation were Grade 2 thrombocytopenia (2 patients \[10%\]), Grade 2 fluid retention (1 patient \[5%\]), and Grade 2 neutropenia (1 patient \[5%\]). One patient (5%) had a dose delay due to Grade 1 peripheral edema and 1 patient (5%) had a dose reduction due to Grade 3 increased lipase.

Both patients who discontinued due to thrombocytopenia reported more severe thrombocytopenia before and after the discontinuation event. The first patient had existing Grade 1 thrombocytopenia prior to the first dose of SGN-CD70A that worsened to Grade 4 approximately 2 weeks after the first dose. Although the event was Grade 2 at discontinuation, it worsened to Grade 3 and remained unresolved after discontinuation of treatment. The second patient experienced Grade 2 thrombocytopenia approximately 3 weeks after the first dose of SGN-CD70A. The event resolved to Grade 1, but worsened to Grade 3 after the second dose. The event remained unresolved at Grade 1 after discontinuation of treatment.

Pharmacokinetics and immunogenicity {#Sec11}
-----------------------------------

PK parameters are summarized in Online Resource [1](#MOESM1){ref-type="media"}. Following IV administration of SGN-CD70A, plasma ADC concentrations appeared to decrease bi-exponentially with the mean terminal half-life (t~1/2~) between 3 and 5 days across the 8--50 mcg/kg dose levels for both q3wk (Fig. [1](#Fig1){ref-type="fig"}) and q6wk dosing schedules. After the first dose, the plasma ADC end-of-infusion concentration (C~eoi~) and exposure (area under the concentration-time curve from 0 to infinity \[AUC~inf~\]) were approximately dose-proportional. Consistent with the half-life, minimal accumulation was observed across cycles for SGN-CD70A ADC, except for approximately 30 to 40% higher exposure observed from Cycle 1 to Cycle 2 at 30 mcg/kg q3wk cohort.Fig. 1First-dose ADC mean concentration-time profile for patients treated with SGN-CD70A at 8, 15, 30 and 50 mcg/kg q3wk

Plasma TAb concentration-time profiles were similar to those of the ADC but the exposure of TAb was generally slightly higher. Plasma levels of the unconjugated cytotoxic agent, PBD, were below the lower limit of quantification (10--20 pg/mL) in all samples obtained from all patients at dose levels of 8--50 mcg/kg.

None of the ATA samples from all the treated patients (*N* = 20) were tested positive for anti-SGN-CD70A antibody at any visit during the study.

Maximum-tolerated dose {#Sec12}
----------------------

Between the 2 dosing schedules, 19 patients were included in the DLT-evaluable set. A total of 3 patients (16%) had DLTs, 2 patients treated q3wk and 1 patient treated q6wk (Table [2](#Tab2){ref-type="table"}). One DLT of Grade 3 elevated lipase was reported (Cycle 1 Day 8) in a patient who was treated q3wk at the 30 mcg/kg dose level. No associated pancreatitis symptoms or other significant lab abnormalities were observed. By Cycle 1 Day 15, the elevated lipase was reported to have recovered to Grade 1. The patient resumed treatment with a dose reduction and no recurrence was observed with continuing treatment at 15 mcg/kg. A second DLT of Grade 4 thrombocytopenia was reported (Cycle 1 Day 13) in a patient who was treated q3wk at the 50 mcg/kg dose level. In subsequent follow-up, Cycle 1 Day 35, the thrombocytopenia was reported to have improved to Grade 3. Another patient treated q6wk at the 50 mcg/kg dose level had a DLT of Grade 4 thrombocytopenia on Cycle 1 Day 17. In subsequent follow-up, Cycle 1 Day 29, the thrombocytopenia was reported to have improved to Grade 3. Neither of these patients who experienced thrombocytopenia received more than 1 dose of SGN-CD70A. No further information on resolution of these thrombocytopenia DLTs is available, since both patients were discontinued from the study. The MTD was determined to be 30 mcg/kg (DLT rate \[standard deviation\] = 0.164 \[0.079\]) with 93.9% probability of DLT rate being less than 30%.Table 2Summary of DLTsq3wkq6wkTotal\
(N = 20)8 mcg/kg\
(N = 3)15 mcg/kg\
(N = 3)30 mcg/kg\
(*N* = 5)50 mcg/kg\
(N = 1)Subtotal\
(N = 12)30 mcg/kg\
(*N* = 6)50 mcg/kg\
(N = 2)Subtotal\
(N = 8)Number of patients with DLTs, n(%)001 (25)^a^1 (100)2 (18)^a^01 (50)1 (13)3 (16)^a^Adverse events considered as DLTs, n(%) Thrombocytopenia0001 (100)1 (8)01 (50)1 (13)2 (10) Lipase increased001 (20)01 (8)0001 (5)*DLT*, dose-limiting toxicity; *q3wk*, dose every 3 weeks; *q6wk*, dose every 6 weeks; *N*, number of treated patients^a^Incidence was calculated based on DLT-evaluable patients (30 mcg/kg q3wk, *N* = 4; Subtotal q3wk, *N* = 11; Total, *N* = 19)

Safety {#Sec13}
------

The median duration of treatment for all patients treated with SGN-CD70A was 6 weeks (range, 3--27); the q3wk and q6wk dosing schedule durations were 6 weeks (range, 3--27) and 12.0 weeks (range, 6--18), respectively. The median number of doses for all patients was 2 (range, 1--8). Patients treated with 30 mcg/kg SGN-CD70A received a median of 3 doses (range, 1--4) and 2 doses (range, 1--3) in the q3wk and q6wk dosing schedules, respectively.

All 20 patients in the all-treated-patients set experienced at least 1 AE. The most common were thrombocytopenia (15 patients \[75%\]), nausea (11 patients \[55%\]), anemia (10 patients \[50%\]), and fatigue (10 patients \[50%\]) (Online Resource [2](#MOESM2){ref-type="media"}). Treatment-emergent AEs ≥ Grade 3 occurred in 18 total patients (90%); the most common AE ≥ Grade 3 was thrombocytopenia (13 patients \[65%\]; 7 patients treated q3wk and 6 patients treated q6wk). Other AEs ≥ Grade 3 that occurred in more than 1 patient (≥10%) were neutropenia (6 patients \[30%\]); anemia (5 patients \[25%\]); and congestive heart failure, *Clostridium difficile* infection, dyspnea, and decreased forced expiratory volume (2 patients \[10%\] each).

AEs considered to be related to SGN-CD70A were reported for a total of 16 patients (80%) (Table [3](#Tab3){ref-type="table"}). The most common treatment-related AE for both the q3wk and q6wk schedules was thrombocytopenia, occurring in 7 of 12 patients and 6 of 8 patients, respectively, for a total of 13 patients (65%); most of these patients had an onset between Cycle 1 Day 15 to 22, regardless of dose or schedule. Most of the treatment-related events of thrombocytopenia were ≥ Grade 3 (12 patients \[60%\]). One of these patients experienced concurrent nose bleed and petechiae events (both Grade 1); there were no other bleeding events among these patients. Of the 22 thrombocytopenia events, 9 events (41%) resolved after a median of 2 weeks (range, 1.1 to 25.4) and 13 patients had unresolved thrombocytopenia at last follow-up. Median follow-up time for unresolved thrombocytopenia was 17.6 weeks (range, 0.1 to 71.0). Eight of the 12 patients who developed prolonged thrombocytopenia (Grade 3 or 4 for ≥7 days) had a history of bone marrow involvement. Of the 8 patients who did not develop thrombocytopenia (prolonged or otherwise), only 2 patients had a history of bone marrow involvement.Table 3Treatment-related AEs occurring in ≥20% patients in either treatment scheduleq3wk (N = 12)q6wk (N = 8)Total (N = 20)Preferred termAny gradeGrade ≥ 3Any gradeGrade ≥ 3Any gradeGrade ≥ 3Any event10 (83)8 (67)6 (75)6 (75)16 (80)14 (70) Thrombocytopenia7 (58)7 (58)6 (75)5 (63)13 (65)12 (60) Anaemia3 (25)2 (17)3 (38)1 (13)6 (30)3 (15) Neutropenia3 (25)2 (17)3 (38)3 (38)6 (30)5 (25) Nausea2 (17)03 (38)05 (25)0 Fatigue3 (25)01 (13)04 (20)0 Oedema peripheral2 (17)02 (25)1 (13)4 (20)1 (5)*AE*, adverse event; *q3wk*, dose every 3 weeks; *q6wk*, dose every 6 weeks; *N*, number of treated patients

Consistent with the occurrence of thrombocytopenia, laboratory results in both dosing schedules reported ≥ Grade 3 low platelet counts: 6 of 12 (50%) patients treated q3wk and 5 of 8 (63%) patients treated q6wk. Two patients treated q3wk at the 50 mcg/kg and 30 mcg/kg dose level reported Grade 4 low platelet count values approximately 2 weeks after the first and second dose of SGN-CD70A, respectively.

Other treatment-related AEs across both treatment schedules included anemia (6 patients \[30%\]), neutropenia (6 patients \[30%\]), nausea (5 patients \[25%\]), fatigue (4 patients \[20%\]), and peripheral edema (4 patients \[20%\]). Of the 4 patients who reported treatment-related peripheral edema, 2 had Grade 1 and 1 patient each had Grade 2 and Grade 3. Two patients (10%) experienced treatment-related events of generalized edema; 1 of whom was among those with peripheral edema and also had Grade 1 hypoalbuminemia. A total of 9 patients (45%) experienced treatment-emergent edema events per the SMQ search strategy employed; 6 patients (50%) treated q3wk and 3 patients (38%) treated q6wk.

Of the 20 patients in the all-treated-patients set, 11 (55%) experienced at least 1 AE that was considered serious. The most frequently reported serious adverse events (SAEs) by preferred term were congestive heart failure, *Clostridium difficile* infection, and nausea, each reported by 2 patients (10%). All other events occurred in 1 patient each. Six patients (30%) experienced SAEs considered related to study treatment, 3 patients in each dosing schedule. SAEs reported for 1 patient each were adenocarcinoma of unknown primary, aplastic anemia, congestive heart failure, generalized edema, peripheral edema, pulmonary edema, and thrombocytopenia. The adenocarcinoma event was reported in a 74-year old patient diagnosed with MCL. Eighty-two days after the third and final dose of SGN-CD70A (30 mcg/kg; q6wk), the patient was hospitalized with bilateral pleural effusions; an analysis of pleural fluid was positive for adenocarcinoma. The patient was not treated for adenocarcinoma and did not develop any other evidence of adenocarcinoma; subsequent pleural biopsies and pleural effusion cytologies were found negative for adenocarcinoma. Due to the temporal association between the event of adenocarcinoma and administration of SGN-CD70A, a causal relationship could not be excluded.

Across both treatment schedules, 6 patients (30%) died while on study (4 patients treated q3wk; 2 patients treated q6wk); none of the deaths were within 30 days of the last dose of SGN-CD70A. Five patient deaths were disease-related. The sixth patient, with known cardiac risk factors including coronary artery disease, died of myocardial infarction 50 days after the first and only dose of SGN-CD70A (50 mcg/kg).

Efficacy {#Sec14}
--------

The best response observed for all-treated-patients set is displayed in Table [4](#Tab4){ref-type="table"} by dosing schedule and the treatment duration is displayed in Fig. [2](#Fig2){ref-type="fig"}. The efficacy-evaluable set is the same as the all-treated-patients set. The ORR across both dosing schedules was 20% (4 of 20 patients \[95% CI: 5.7, 43.7)\]: 8% for patients treated q3wk (1 of 12 patients) and 38% for patients treated q6wk (3 of 8 patients). All of the patients who had a response were treated at the 30 mcg/kg dose level. One patient (5%) with transformed DLBCL, who received a total of 12.1 weeks of q6wk treatment, achieved a PR 5.1 weeks after starting treatment. Approximately 21 weeks after the last dose and without interim antineoplastic treatment, the patient achieved a CR and had an ongoing response at last follow-up (duration 36.1 + weeks).Table 4Summary of observed best response and PFSq3wkq6wkTotal\
(N = 20)8 mcg/kg\
(N = 3)15 mcg/kg\
(*N* = 3)30 mcg/kg\
(N = 5)50 mcg/kg\
(N = 1)Subtotal\
(N = 12)30 mcg/kg\
(N = 6)50 mcg/kg\
(N = 2)Subtotal\
(N = 8)Best Response^a^, n (%) Complete Remission (CR)000001 (17)01 (13)1 (5) Partial Remission (PR)001 (20)01 (8)2 (33)02 (25)3 (15) Stable Disease (SD)1 (33)02 (40)1 (100)4 (33)1 (17)1 (50)2 (25)6 (30) Progression2 (67)3 (100)2 (40)07 (58)1 (17)1 (50)2 (25)9 (45)  Progressive disease (PD)1 (33)3 (100)004 (33)1 (17)01 (13)5 (25)  Clinical Progression (CP)^b^1 (33)02 (40)03 (25)01 (50)1 (13)4 (20) Not Evaluable (NE)000001 (17)01 (13)1 (5)Objective response rate (CR + PR), n (%)001 (20)01 (8)3 (50)03 (38)4 (20)95% CI^c^ for objective response rate(0.0, 70.8)(0.0, 70.8)(0.5, 71.6)(0.0, 97.5)(0.2, 38.5)(11.8, 88.2)(0.0, 84.2)(8.5, 75.5)(5.7, 43.7)PFS Median duration in months (95% CI)1.9\
(1.1, −)*CI*, confidence interval; *N*, number of treated patients; *PFS*, progression free survival^a^CR, PR, SD and PD per Cheson 2007. CR, PR, SD, PD, CP and NE are mutually exclusive^b^Patients with both PD and CP will be counted as PD. Patients who could not be assessed or were assessed as better than PD per Cheson, but had investigator claim of clinical progression at the same visit will be counted as CP^c^Two-sided 95% exact CI, computed using the Clopper-Pearson method (1934)Fig. 2Duration on treatment by best response

A total of 3 patients (15%) achieved a best response of PR. The first patient had a PR at 5.6 weeks and received therapy for a total of 12.1 weeks (q3wk). The second patient treated q6wk had a PR at 27.1 weeks, approximately 15.3 weeks after the third and final dose administered. Both patients were known to have ongoing response at the last follow-up (durations of 42.9+ and 50.9+ weeks, respectively). The third patient had a PR at 8.1 weeks and received therapy q6wk for a total of 12 weeks. This patient had no further response assessment after the PR assessment was observed; therefore, no information is available regarding duration of this patient's response.

Six patients (30%) had a best response of SD: 4 of 12 treated q3wk and 2 of 8 treated q6wk. Nine patients (45%) had progression: 7 of 12 patients treated q3wk and 2 of 8 patients treated q6wk. By Kaplan Meier analysis, the estimated median PFS was 1.9 months (95% CI \[1.1, −\]) (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Kaplan-Meier plot of PFS

Discussion {#Sec15}
==========

Given the paucity of effective options for patients with R/R lymphomas, alternative treatments aside from traditional cytotoxic chemotherapy are needed. CD70 is an antigen that is expressed on a wide variety of cells, including NHL, with the potential to influence tumorigenesis making this an intriguing therapeutic target. In this open-label, single agent, dose-escalation phase 1 study, the ADC SGN-CD70A was evaluated in R/R DLBCL, including patients with disease that transformed from FL, and MCL. The treatment showed evidence of antitumor activity in this heavily-treated patient population with an ORR of 20%. Although the ORR is not remarkable on its own, 2 patients with PR were known to have ongoing responses at close to 1 year, despite no dose administration after approximately 12 weeks. While SGN-CD70A was able to be escalated to 50 mcg/kg, this was determined to be above MTD due to the occurrence of Grade 4 thrombocytopenia DLTs. As a result, improved antitumor activity at this and higher dose levels could not be further evaluated.

The most clinically meaningful toxicity observed was thrombocytopenia. After observation of prolonged recovery of the platelet count with dosing q3wk at both the 30 mcg/kg and 50 mcg/kg dose level, the protocol was amended to extend the dosing to q6wk. Additionally, a higher baseline platelet count was required for enrollment and baseline bone marrow exams were obtained to investigate if there was a correlation between bone marrow involvement and prolonged thrombocytopenia. Most patients with prolonged thrombocytopenia had a history of bone marrow involvement. In patients who received multiple infusions, the limiting AE of note was thrombocytopenia, indicating that SGN-CD70A could potentially be well tolerated over an extended treatment duration with mitigation of thrombocytopenia.

The mechanism of the observed thrombocytopenia is unknown. Several biomarkers were evaluated to determine a causative factor for the depth and duration of thrombocytopenia noted, including evaluation of Immunoglobulin G (IgG) antibody and thrombopoietin (TPO) levels. Neither of these analyses correlated with occurrence nor degree of thrombocytopenia noted. Furthermore, CD70 is not known to be expressed on megakaryocytes or its precursors. It is possible that the same mechanism that allowed for ongoing responses long after the last dose of SGN-CD70A also contributed to the ongoing thrombocytopenia.

Other AEs noted during this phase 1 study were fatigue and edema-related events. While fatigue is quite common for treatments evaluated in heavily-treated patient populations, the rate of edema-related events was an unexpected observation and its mechanism is unknown. No other dose-dependent trends were observed in the frequency or degree of the other AEs. We did not observe any significant infusion-related reactions during the DLT evaluation. Additionally, a high incidence of infectious complications was not noted during this study.

Taking into consideration the limited number of patients treated in the NHL cohort, the antitumor activity of the agent was reasonable with objective responses noted in 4 patients (20%). All responses were noted at the 30 mcg/kg dose with no responses noted at the 8, 15, or 50 mcg/kg dose, with the caveat that the 50 mcg/kg dosing level had limited exposure due to the incidence of thrombocytopenia. The responses noted at the 30 mcg/kg dose level were irrespective of the dosing schedule, with 1 PR noted on the q3wk dosing interval and 1 CR and 2 PRs on the q6wk dosing schedule. The majority of the responses were in patients with DLBCL (NOS), who comprised the majority of the study population. While all patients enrolled on study were required to have some degree of expression of CD70, there was no apparent correlation between response and level of expression in the patients. The median PFS was 1.9 months; however, 3 patients with follow-up after the response was observed had response durations of 36.1+, 42.9+, and 50.9+ weeks (responses ongoing at last follow-up).

It is notable that the majority of the patients enrolled on study, including those who responded, had limited exposure to SGN-CD70A, yet the patients who responded and were followed beyond EOT maintained the responses for a long duration (Fig. [4](#Fig4){ref-type="fig"}). This suggests that either the cytotoxic payload of SGN-CD70A, PBD, or CD70 target modulation may be associated with ongoing antitumor effects for a prolonged duration after exposure to treatment. In conjunction with prolonged thrombocytopenia, it is likely that the cytotoxic payload plays a larger role in this observation.Fig. 4Percent change in sum of tumor diameters from baseline over time

In conclusion, while CD70 would appear to be a promising target in the treatment of R/R NHL, the applicability of SGN-CD70A is limited by the frequency and severity of thrombocytopenia, despite the long-term of response with limited drug exposure. Given that we are currently unable to mitigate this AE, the rationale for further investigation of SGN-CD70A remains limited and is, therefore, not planned.
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